processing has played a substantial role and become more popular in the recent years. In the application of weld defect detection, the PDE models can be applied for image smoothing and segmentation. In this study, anisotropic diffusion proposed by Perona Malik known as Perona Malik Anisotropic Diffusion (PMAD) model is used as a denoising process for smoothing while level set by Chan and Vese is used as detection process for segmentation. The PMAD model has been solved using Peaceman Rachford (PR) scheme in order to improve the denoising process. A set of radiographic images that contain weld defects are used as input data. The implementation of the algorithm is done using Matlab R2009a. The average error on contour-based metric and CPU times are used to evaluate the accuracy and the efficiency of the CV model and the thresholding method on the proposed denoising process. From the results, the contour detection of weld defect is improved on image after denoising process using CV model as compared with the thresholding.
I. INTRODUCTION
Digital Radiography (DR) is a nondestructive testing (NDT) technique used in many industrial applications to view and evaluate the quality of an object without destroying its original component. A DR is a filmless radiography that requires less radiation and has the ability to enhance and digitally transfer the image for immediate action to be taken. Consequently this produced significant time savings and higher productivity. DR has been widely used in the welding industry for testing and grading of welds on pressurized piping, pressure vessels, high  Manuscript received July 19, 2013; revised November 18, 2013 capacity storage containers, pipelines and some structural welds.
Radiography inspector is a certified person who is able to identify and trace the existence of defects in the radiographic image based on codes and specifications using manual inspection. But, the manual inspection is time consuming, may produce inconsistent, biased and inaccurate results. Inaccurate results may affect the quality and reliability of the welding component that's being evaluated with the advancement of computer technology, image processing has played an important role in detecting weld defects on welded parts accurately with automated or semi-automated inspection system. The system is aimed to increase the inspection speed, accuracy and reduce the subjectivity of manual inspection results. Halim et al. [1] review some of the automated inspection processes in the welding industry.
Automatic or semi-automated inspection is able to produce accurate and reliable results with measurement that could support the radiographer's results. Normally, automated inspection includes the processes of image enhancement, image segmentation, features extraction and image classification. In this study, the processes of image enhancement, image segmentation and feature extraction are discussed.
Image enhancement is a process to restore and enhance the interpretation of information in the image for better visualization and analysis. The process aims to reduce noise and improve the image contrast as normally raw image contains noise or less contrast. In order to reduce or remove the existence of noise and improve the image contrast, several techniques had been applied. Vij and Singh [2] provides a review of image enhancement that can be categorized to point operations, spatial operations, transform operations and pseudo coloring methods. The image enhancement offers an important role as most of the images suffers from poor contrast. Zhu and Huang [3] proposed an improved median filtering with average filtering that could reduce the noise effect and time complexity compared with a standard median filter algorithm.
In the last decades, many mathematical approaches based on partial differential equations (PDEs) have been used in image processing [4] . The algorithm solves the initial value problem for some PDEs for a given amount of time. Anisotropic diffusion is one of PDE-based method that has gained a lot of attention for image restoration and smoothing [5] .
Anisotropic diffusion is widely used as edge detection, image restoration, image smoothing and texture segmentation. The anisotropic diffusion was proposed by Perona Malik in 1990. In this study, the Perona Malik Anisotropic Diffusion (PMAD) gives denoising effect which helps in preserving the boundary information of the image. In order to extract the boundary contour, segmentation is explored.
Image segmentation is a difficult task in image processing and still an unsolved problem due to a variety of techniques available that suitable for different applications. Rathod and Anand [6] did a comparative study of image segmentation techniques using morphological edge based, region growing and multistage watershed segmentation techniques in detecting weld defects in order to determine the most accurate detection technique for a different type of defects. They concluded that certain defect can only be detected successfully by specific segmentation technique only.
Thresholding is one the oldest segmentation technique that is widely used because it is easy and computationally inexpensive to be applied [7] . Thiruganam et al. [8] combined the global and local thresholding with the Gaussian filtering as noise removal to improve the efficiency of the defect counting method applied on weld image.
The PDEs also provides a good segmentation techniques in which the evolution of curve and surface or image are handled by PDEs. Level set is one of PDEbased methods developed by Osher and Sethian (1988) [9] . Due to the stability and irrelevancy of the level set, it's able to solve problems of corner point, curve breaking and combing [10] . While, level set based on the Chan Vese (CV) model is a new functional from Mumford and Shah. The CV model is able to detect the interior contour by using only an initial curve [10] .
Li et al. [11] proposed a novel level set method that's been applied to MRI images with intensity inhomogeneous. The proposed method is robust to initialization, faster and more accurate compared with the well known piecewise smooth model.
The feature extraction is used to extract features from images that can be used in recognizing the defects. Shafeek et al. [12] , [13] calculated the area, perimeter, width and height as defect information for defect identification. Relevant features are important to guarantee the accuracy of recognition process.
In this study, the main improvement of the technique is to use the discretization of PMAD model using Peaceman Rachford (PR) with Chan Vese Level set to detect the weld defect on digital radiographic images.
II. PERONA MALIK ANISOTROPIC DIFFUSION
Perona and Malik (1990) [14] had introduced a new definition of scale space technique and a class of algorithms that realize it was using a diffusion process. The diffusion coefficient is assumed to be a constant for the isotropic diffusion that reduced the image noise while blurred the edges. The Perona and Malik replaced the constant diffusion with diffusion function in order to solve the isotropic diffusion.
The PMAD model has been proven to be effective as a denoising tool [15] , [16] , [17] . Furthermore, denoising is directly related to image visual quality. Equation (1) is the general representation of anisotropic diffusion by modifying an image via PDE.
Equation (1) can be re-expressed as (2)
is the gray level at iteration t,  is the divergence operator,
is the diffusion coefficient function and
is the gradient of the image.
The anisotropic diffusion model proposed by Perona and Malik for image denoising has developed as a commonly used filtering technique for noise disturbance alleviation process of ultrasound medical image processing [16] . For the high number of diffusion iteration, the edge of the image features was diffused and further decreased the image quality. The diffusion constant determines the value that triggers the smoothing process. High value of diffusion coefficient treats only very large gradient as edge depending on how high diffusion coefficient is. On the contrary, low value of diffusion coefficient treats even small gradient difference as edge and therefore become a smoothing filter.
III. PMAD BASED ON PR
Peaceman Rachford (PR) is one of the alternating direction implicit (ADI) finite difference scheme. The approximation to (2) given by PR (ADI) scheme is obtained from the modification of Crank-Nicolson scheme [18] .
By introducing the intermediate level of n+1/2 and level n+1, (3) becomes:
The ADI method is known to be very efficient in solving diffusion equations [19] . By computing level n+1/2, (4) can be elaborated to (6) .
And at level n+1, the (5) also can be expanded to (7) . 
And
In which the H (C(x, y) ) is the heaviside function that can be defined as:
And the dirac delta is:
Then, the (9) can be solved using Euler Lagrange equation,
where
is the curvature. The t C   can be numerically expressed as explicit scheme of (15) .
The detail formulation of the CV model can be referred in [20] .
V. METHODOLOGY
The implementation of the experiment uses MATLAB R2009a. Table I shows the detection algorithm of weld defect on digital radiographic images. 
A. Phase 1: Image Acquisition and Define Region of Interest
The process of image acquisition is explained in [22] . From the acquired digital image, the image ROI is defined in the suspected areas of defects in order to reduce the processing time and avoid detecting the false defect.
B. Phase 2: Image Denoising Using PMAD with PR
In applying the PDE model, the initial condition (IC) and boundary conditions (BC) are determined. The IC is defined as:
where S represents the intensity value of original image (I o ),
for grayscale image. while the BC is based on dirichlet boundary condition that defined as:
By applying (6) and (7), the application of the denoising process produced the processed image (I p ). For each iteration, t 1 the values 1 . 0   and K=200 are the best choice among various options from the random simulation done.
C. Phase 3: Chan Vese Level Set
In applying Chan Veset Level set, the values of The result from denoising process in Phase 2 is determined as I(x,y) that need to be used in (15) . After applying the initial contour and after iteration, t 2 then the final contour of defect on image is produced.
D. Phase 4: Features Extraction
In this study, two features of weld defect are calculated that are the area and perimeter. The calculation of the area and perimeter can be referred in [23] .
E. Phase 5: Performance Evaluation
The segmentation results of weld defects are evaluated using the average error,   C e average on contour-based metric in which for each point, P i , i=1, …, N on the contour C, the error is calculated as:
computed the average distance of point P i to the ground truth contour, Q i . The ground truth contour is the contour of the true object boundary that is defined by radiography inspector. Then, the contour is extracted using CV and thresholding (thresh) techniques are used as comparison with the contour of ground truth.
Besides the average error, the processing time also computed in order to measure the efficiency of the technique based on CPU times.
VI. RESULTS AND DISCUSSION
The discretized scheme of PMAD with PR is implemented on several samples of digital radiographic images that contain defects. Fig. 1 shows the five samples of the I o and the I p after denoising process using the scheme. It can be seen that the I p produced a clearer and smoother effect on image than I o due to the smoothing effect of the anisotropic diffusion. Fig. 2 presents the results for a digital radiographic image of weld defect with the curve evolution processes at different iteration, t 2 . For these sample images, the detection results are depicted in Fig. 3 . For the detection of I p using CV, the result of contour detection is better compared with detection using thresholding (thresh) except for the I 5 . The CV provides better accuracy as compared with thresh. The error for I 5 is quite high due to the lack of contrast between the defect and the background of the image which make the contour detection of the defect becomes difficult and less accurate compared to the ground truth contour.
In determining the efficiency of a technique, the CPU times to run each process is completed. Fig. 5 demonstrates the graph of CPU times in applying the CV and thresh on the I p . From the graph, the CPU times of the CV indicate much faster in processing time than the thresh. Besides that, the determination of the threshold value in thresholding is a crucial part in which incorrect value produced incorrect contour detection. Hence CV is an efficient technique compared to thresh. As a continuation from Table II, the percentage error  for area and perimeter are calculated and tabulated in  Table III . From the results, the CV produced less error compared with thresh except for the areas for I 2 and I 5 . This also indicates a better performance in terms of features error. detecting weld defects in digital radiographic images. By combining the model with the CV, the results provide a better performance of detection in terms of accuracy and efficiency instead of using thresholding as compared to the ground truth contour. The proposed method allows the radiography inspector to produce accurate and consistent weld defect inspection result. 
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